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1. Introduction 
Thirty years ago, the life cycle consumption hypothesis was put forward 
by Modigliani and Brumberg (1955). Since then, their work has generated 
a vast stream of theoretical and empirical studies of the life cycle hy-
pothesis using micro and macro data in the form of time series or cross-
sections. In 1985, the recognition of this work culminated in the 
attribution of the Nobel prize to F. Modigliani. 
Among the multitude of articles on life cycle consumer behavior, it is 
worth to mention Hall (1978). He formulates the life cycle hypothesis 
as an intertemporal decision problem under uncertainty and he shows that 
the first order conditions for an intertemporal optimum have straight-, 
forward implications for the serial correlation properties of time series 
data on consumption. In particuiar, his model impiies that consumption is 
generated by a first order autoregressive process. The empirical content 
of this remarkable result which may seem to be inconsistent with the tra-
ditional consumption function that relates consumption to income is very 
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high. The behavioral model leads to a completely specified stochastic 
process for consumption. It is therefore not surprising that the life 
cycle hypothesis has recently been studied by several authors, see e.g. 
Bilson (1980), Flavin (1981), Muellbauer (1983), Wickens and Molana (1983) 
among many others and for a survey see Deaton (1985). 
The purpose of this paper is to extend Hall's model and to give empirical 
evidence on the extended model for data of the Netherlands. One extension 
of Hall's model is concerned with the assumption of stochastic interest 
rates. Under this assumption, the life cycle model yields testable restric-
tions on the bivariate process for consumption and interest rates. 
The plan of the paper is as follows. In section 2, we derive several new 
results for the life cycle hypothesis under uncertainty assuming a genera! 
utility function. In particular, we discuss the implications of the life 
cycle model for the time series properties of consumption and interest 
rates for the ease of constant interest rates» We compare the leve! of con-. 
sumption under uncertainty with that under the assumption of a certain future. 
Finally assuming a homogeneous utility function, we derive the consumption 
function which expresses the first order conditions for consumption as a 
function of present and- future expected income. 
In section 3, additional results are obtained for a specific functional 
form of the utility function.. Utility functions implying constant absolute 
and constant relative risk aversion combined with respectively normally and 
log-normally distributed consumption and interest rates are considered and we 
discuss the implication of replanning. 
Section 4 contains the empirical results for quarterly aggregate time series 
on nondurable consumption expenditures in constant prices for the Netherlands 
for the period 1967 - 1984. As the series are not seasonally adjusted, the 
seasonality is jointly modeled with the dynamics implied by the life cycle 
hypothesis. The findings for the model of consumption with interest rates 
being constant are compared with those for the bivariate model of consump-
tion and stochastic interest rates. Finally, section 5 is devoted to con-
cluding remarks. 
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2. The life cycle hypothesis reeonsidered 
In this section we discuss some implications of the life cycle model 
when the utility function has a genera! form. We assume that at each 
time period t, the expectation of an additive intertemporal utility 
function u is maximized, 
Et Z fi1 U ( Ct +i } • ( 2 J ) 
i=0 
with U">0, U"<0, wherec.+i denotes consumption, U' and U " are the 
first and second derivatives of U with respect to c. T denotes the 
lifetime and B is a time preference parameter, o < 0 < 1. The period 
to period budget constraint is given by 
P f i c t + i * - p t+ i a t + i + ( 1 + W pt+i-i a t+ i - i+ p t + i > w ( 2 - 2 ) 
where P t + i. at+,-» Rt+1- and y t + i denote the price level, real assets, a 
nominal interest rate and real labor income respectively. Dividing (2.2) 
by p t + i, we get 
c t + i r " a t + i + {1 + T W at+i-1 + y t + i » (2*3) 
with 1
 + r t + i = (1 + R t + . ) p t + i - 1 pt;J . (2.4) 
We assume first that r. . and y. ., i = 1, ... T are stochastic. The 
t+i t+i 
first order conditions for a maximum of (2.1) with respect to a.+i are 
E t U'(ct+.) - B E t (1 + r t + 1 + 1) ü'(ct+i+1) .1-0, ...T-1, (2.5) 
and a = 0. Assuming that a,
 T=0is sensible if a. • denotes real assets after 
deduction of the bequest. A different model is obtained when a
 T is endogeni-
zed by assuming that 
T
 i T * 
E I B U(c. .) + B U (at+-r) is maximized yielding the first order condi-
i-0 
tions (2.5) and E t U'(ct+T) = U*'( at+T^ U* and U*' denote the u t i l i ty 
and the marginal utility of the bequest a.-. We conclude that the assumption 
of endogenous bequest does not introducé extra complications into the model. 
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In the sequel, we assume that real assets a t + T are net of beqbest, 
i.e. a t + T = 0. 
We define the sequence of innovations£t+. as 
( 1 + fW u'<cf 1> " E < 1 + r W u'(ct+1} =^t +1' (2'6) 
that is E t€ t + 1 = 0. The variance ofC t is not necessarily constant • 
through time. 
From (2.5) with i=0, we get an expression for the expectation 
Et(1+rt+1) U'(ct+1) = 3"1 u'(ct). (2.7) 
For period t+i, the first order conditions (2.5) imply that 
e E t + i ( 1 + r t + i + 1 ) u ' ^ t + i + 1 ) = U'(ct+-). (2.8) 
Taking expectations of (2.8) conditionally on t, we get 
6 Et E w< u Wi> u'(ct+i+t' - 6 Et<'+rfui> u ' ( Wi> 
This shows that at time t the f i r s t order for i = 1 , . . . , T-1 are implied 
by the f i r s t of the f i r s t order conditions at periods t ' , t ' > t . This 
result is a jus t i f i ca t ion for the use of the implications of the f i r s t 
Euler equation only in the empirical analysis. 
I f r t is constant through time, we get Hall 's result that the marginal 
u t i l i t y U' follows an AR(1)-process 
U'(c t + 1) . 6"1(1 + r ) " 1 ü ' (c t ) + C t + 1 , E t«f t + 1 ) - 0. (2.9) 
Notice that we do not assume stationarity of the income process. We only 
require the existence of the conditional moments appearing in the life cycle 
model. The choice of the utility function leads to specific requirements for 
the income process. For instance, for a quadratic utility function, solving 
the Euler equations only requires the existence of the conditional moments 
Ety++i» that is we have certainty equivalence. 
When rt is constant through time, the first order conditions (2.5) can 
be straightforwardly shown to have a unique solution for the leve! of 
assets at time t, at, and the planned levels at+., ... aT. For i = T-1, 
expression (2.5) can be written as 
h """1 * '> *t+T-1 + W " B" , ( 1 + ^ ^ Et " ' ^ f T - 1 + 
< 1 + r> at+T-2 + * t + T-1 3 = 0 ( 2 J 0 ) 
or alternatively as an impl ic i t function of a t+y , and a.+T_2 
(}»(at+j_1, a.+T_2) = 0 with derivative (2.11) 
d at+T-1
 = . 9 m a U T . 2 
d a t + T_2 9 «0/3 a ^ . , 
(2.12) 
The derivative (2.12) is positive when U1' is negative and (1 + r) > 0. 
Therefore, a. T_. is a monotone function of at T_2 ancJ can ^e uniquely 
determined from a . - » . Moreover because U "< 0, it is straightforward to 
snow that the derivative in (2.12) is smaller than (1 + r). Similarly, 
the derivative of a t + T_ 2 wltn respect to a t - 3 can be shown to be posi-
tive and smaller than (1 + r), so that a t + T_ 2 can be uniquely determined 
from at - 3 using (2.5) for i = T-2. We can proceed in the same way for 
i = T-3, ... 0, and for i=0, a t can be uniquely determined from the known 
at_j, so that (2.5) has a unique solution for at ., i=0,..., T-1. 
Now we compare the stochastic model with the model in which the future is 
assumed to be deterministic. 
Define the life-time budget constraint as 
c* = I (1 + r)"1* c t + . = (1 + r ) a t_1 + y* (2.13) 
i=0 
*
 T
 - i 
where y t = I (1 + r) y + + i ' Simi-arly define wt = (1 + ""Ja*. + 
i=0 
I (1
 + r ) - i E t y t t i . 
i=0 
In the deterministic model, the first order conditions (2.5) imply that 
c t + i = U''1 [e>~\\ + r)" 1 U'(ct)], i = 1, ... T. (2.14) 
Notice thatu" exists under the assumptions made above. 
Substitution of (2.14) into (2.13) yields 
c t + Z (1 + r ) _ i U,"1[B'i(1 + r)" 1 U'(ct)] = wt, (2.15) 
i = 1 
as c* = wt. 
When the labor income is stochastic, the first order conditions (2.5) can 
be written as 
Et u , ( ct+i } = B"1(1 + r>"1 u'^ct)t i=1' ••• T* (2-16) 
If U' is convex, i.e. u'"£ 0, Jensen's inequality implies that 
U' Et(ct+.) < Et U'(ct+.) . (2.17) 
Because U'isa monotonically decreasing function of consumption, U has 
this property too. Therefore, 
U,_1(U' Et(ct+i) ) = Et(ct+i) ï u"'V''(I • r)" 1 U'(ct+.)) . (2.18) 
Substitution of (2.18) into the expected value of the lifetime budget 
constraint (2.13) gives 
T . . . 
c t + I (1 + r)" 1 W ^ B ^ d + r)" 1 ü'(ct)] S wt. (2.19) 
i = 1 
The derivative of the l.h.s. of (2.19) with respect to c t is positive. 
A comparison of (2.15) with (2.19) leads to the conclusion that in a cer-
tain environment, the consumption level c t is larger than under uncertain-
ty. This result holds for a convex marginal utility function. If U' is 
concave (i.e. U'" ^ 0), a consumer facing no uncertainty consumes less at 
period t than he would under uncertainty with an expected income that is 
equal to his certain income. 
Finally, assuming that U' is homogeneous of degree k, we can relate the 
present consumption level to income and compare the form of the consumption 
function with that obtained by Modigliani and Brumberg (1955) and by Ando 
and Modigliani (1963), hereafter referred to as AMB. If U' is homogeneous 
of degree k, expression (2.15) of the deterministic model with income 
stream Etyt+1- can be written as 
ct =**twt (2.20) 
with*-t » j z (1 + r)" 1 [6(1 + r)]"i/k[ . If B = (1 + r) 
i=0 ' 
-i) '1 
(1 + r) > , which is the annuity value of one unit of wealth 
over the remainder of the life cycle, and (2.20) is identical to the con-
sumption function of Hall and Mishkin (1982). In (2.20), consumption is 
proportional to the present value of the lifetime income. The marginal 
propensity to consume depends on 8,Tand r only (through T, it indirectly 
depends on t). In fact, the result in (2.20) is similar to the consumption 
function derived by AMB assuming a homothetic but not necessarily time-additive 
von Neumann-Morgenstern utility function. 
-1 
Under income uncertainty and a quadratic utility function, (2.19) becomes 
an equality and implies a consumption function as in (2.20) with k=1. 
Homotheticity only is in general not sufficiënt to get the proportionality 
between c. and w+ under income uncertainty. 
3. Functional forms of the utility function 
To arrive at an operational model, it is necessary to choose a specific 
functional form for the utility function. In this section, we consider 
utility functions with constant absolute and constant relatiye risk aver-
sion respectively. In the first part, we derive the stochastic process of 
consumption for these two alternative utility functions with interest rates being 
constant and for various assumptions on the process generating labor income. 
For the utility function with constant absolute risk aversion, we discuss 
the consequences of a structural change in the income process in combination 
with replanning. In the second part, the assumption of constant interest 
rates is dropped and the implications of the life cycle consumption hypothe-
sis for the bivariate process of consumption and interest rates are derived. 
3.1 The model for consumption assuming constant interest rates 
First, we take the utility function with constant absolute risk aversion 
-1 parameter#> 0, U(c) - - &" exp ( - & c ) . When the interest rate is constant 
and consumption is assumed to be normally distr ibuted, the f i r s t Euler equation 
in (2.5) 
E t exp(-tfct+1) = tB(1+r)]~1 exp (- tf ct) 
can be expressed as 
E t c t + i = c t + 6 + * * G t < < W - ( 3 J ) 
where we define 6 = 4* In [8(1+r)] . 
Defining the consumption innovation € . . as £ = ct* - E. c t + . , 
we get t+1 
with E 
t. - x+ i ~ i + i 
2 
2 
^
ct+ 
2 
c t + 1 - c t - 6 + l*odt ( t + 1 ) + < f t + 1 , (3.2) 
t * t + 1 " E C t + 1 " ° ' ° t ^ t + 1 } = ° t ( c t + 1 ^ " °Ut+^ 
Now we shall express a. ( c t . ) in terms of the characteristics of the labor 
income process. Rewriting the Euler conditions as E t e x P( " ^ c t + - j ) = 
IB(1+r)]_1 exp - £ f c . , we get, under the assumption of normality, 
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E t c t + . = c t + i S +\«o\ (c t + i). (3.3) 
If we substitute (3.3) into the expected value of the life time budget 
constraint (2.13), we obtain the consumption function relating consumption 
to the expected value of life time wealth 
T
 -1 T -i 2 ctrw + 6 I i(1+r) 1 + \ g l (1+r) o\ (cf .) = 
z
 ' i=1 i=1 z z+1 
(1+r)at_1 + yt + E (1+r)"1 Etyt+i, (3.4) 
where we define rw = 2 (1+r)"1. Friedman's (1957) permanent income hypo-
i-O thesis arises as a special case of (3.4) when the "constant" term on the 
l.h.s. is zero. Along the lines of deriving (3.4), we get for period t + 1 
ct+i v i + \l} 1 ( 1 + r r i + i*.l2 (1+r)1_i 0 l i («W = 
( 1 + r ) a t + y t + 1 ^ (1+r)1"1 E t+1 y t + i . (3.5) 
As c, is normally distributed, the conditional variances at+1(ct .) do not 
depend on variables in the conditioning set. Therefore, from (3.5) we get 
the variance of consumption expressed in terms of the moments of the income 
process 
4 <<w • v i at[yt+i +}jUr)Ui Et+i yt+i]- (3-6) 
We have completely specified the stochastic model for consumption when interest 
rates are constant. In order to examine more deepiy the properties of consumption, 
we now introducé the process for labor income. More specifically, we assume that 
the change of labor income is generated by a stationary process with moving average 
representation 
CO 00 
*t+1 = yt + * +. Q^ *i vt+1-i' *0 = 1 ^ 0 *1 K °°' vt+1 ~ n N(°' G v) • (3-7) 
As the variance in the r.h.s. of (3.6) can be expressed as 
°l <»fi ^ C T ) 1 " 1 Et+,yt+i) - °2t lyM - Etyt+1 / M I ^ I V , » W 
"
 Et yt+i^' we have 
T-1 • 2 
4 ( A Ct+1) = °t (ct+1} = °l nT-1[.Z (*0 + *1 + *•• ^ i ^ 1 + r ) " l ] » (3'8) 
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because the moments of y. •, conditionally on some initial value, satisfy 
Et+1 yt+i ~ Et yt+i • (*0 + *! + .» + *i-i) v t + r (3-9) 
Contrary to a remark of Muellbauer (1983) that the variance of the change in 
consumption should be smaller than the variance of the innovation of the in-
come process, from (3.8) it results that the variance of A ct+1 can be smaller 
as well as larger than the variance of A y. ,. Moreover from (3.6), it is ob-
w+l 
vious that the change of consumption and its variance depend on the remaining 
life time T. In the empirical analysis however, we assume that the drift pa-
rameter and the innovation variance in (3.2) are constant through time. 
A remark concerning the interpretation of the conditional expectations of y. .. 
in (3.9) nas to be made. These expectations refer to the process generating 
income as perceived by the consumer at period t and t+1 respectively. Impli-
citly, we make the assumption of rationa! expectations which implies that sub-
jective expectations of the consumer are identical to the moments of the income 
process. Moreover at present, we ignore the possibiiity of an unexpected struc-' 
tural change in the income process. 
Now we shall express the consumption innovation in terms of the income innova-
tion v. .. For this purpose, we substitute (1+r)at_. + y. = at + ct into (3.4), 
premultiply the result by (1+r) and substract it from (3.5) to yield 
-1 T 1-i 
ct+1 " ct = 6 + W^t+1 " Etyt+1 +^ 2 (1+r) [Et+1yt+i " Et yt +i ] } 
- * ^ n T : ] { - a 2 ( c t + 1 ) + M H r ) M [ o 2 + 1 ( c t + 1 ) - a 2 t ( c t + i ) ] } . (3.10) 
2 2 
Next, we consider at+i('Ct+1-) - a+(ct+i^* From (3*2)> we have for Periocl t+"> 
c t + i - c t + i . , « 6 +i4ra2 +._ l (c t + i) + e t + i (3.11) 
with E t + i _ 1 e t + i = E^ t+ i = 0. Successive substitution for c. .j , in (3.11) 
results in 
c t + 1 = c t + 15 + è*Z o2t+^(ct+.) + l c t + y (3.12) 
Because of the absence of correlation between the innovations, we f ind 
4i<<W =\? ^ W ' a t ( W '\, ^ W • (3J3) 
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Hence 
° M < c f 1> " 0 t ( c w ' * °2<£t+l' • 4<Ct+1»- (3-,4) 
Substitution of (3.9) and (3.14) into (3.10) results in (3.2) with 
« T-1 , 
e
t+1 = nT-1 .l (*0 + *1 + *•• + V ( 1 + r ) vt+1' ^3J5^ 
1 yU 
showing that the consumption innovation is a linear transformation of the 
income innovation v... Notice that the variance of z++. in (3.15) is in-
deed equal to the variance of ct . in (3.8). Moreover, because 
ot(ct+i) = ï c2(et+J.) and a2(et+j.) = a ^ . ^ c ^ . ) , expression (3.11) is 
in accordance with (3.3). 
With o\(c. *) being expressed in terms of parameters of the income process, 
it is now possible to determine the leve! of consumption c. from (3.4), pro-
vided the moments of the income process, actual income yt and at_. are given. 
However in order to analyze the univariate model for consumption (3.3), it is 
not necessary to have observations on the series a. and y.. Nevertheless, 
data on y. may be useful for detecting a structurai change in the parameters 
of the univariate model for ct. 
To discuss the consequences of a structurai shift in the income process, we 
assume, for reasons of simplicity that income follows a random walk, that is 
IJK = 0 i > 0 in (3.7). Then, 
E t+ j y t+ i " E t+ j -1 y t+ i = v t + j ' i > 3» 
E t y t + i = i<T + y t , (3.15) 
and from (3.15) and (3.13) it follows that e. . = vt+1 
o2(ct+i) - i o2. (3.16) 
Substituting (3.16) into (3.4) yields 
T
 -i 2 
ctnT + ( l i (1+r) ')(6 + & ^ a c - # ) 
z
 ' i = 1 v 
= (1+r)at_1 + nTyt- (3.17) 
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Substituting (3.3) for c t > with cr£(ct+1) = a y , and (1+r)at_1 = a t - y t + c t 
and multiplying by (1+r), leads to 
TiT_1E tc t+1 + ( I i (1+r) ')(<5 + ïü-a^) 
= (1+r)at + nT ,yt + ir l (i+DO+r) \ (3.18) 
1
 '-
1 r
 i=0 
2 ~ -2 
Ifafterperiod t+1, Y* and/or o unexpectedly change to become <Jr and ay res-
pectively, we have 
c t+1 n T-1 + ( . Z i ( 1 + r ) ) ( 6 + i i r av ' 4 r ) 
= ( 1 + r ) a t + n T _ 1 y t + 1 . (3 .19) 
* 
Substracting (3.18) from (3.19) and substituting Ayt+1 - tf = vt+1, yields 
T-1 
ct+1 - Etct+1 = - nT:][i*(a* - oj) - (* - *)] Z 1 (Hr)"1 + vt+1. (3.20) 
* 
Hence, as a result of a decrease in the drift parameter (i.e. *"< 4T) or an 
-2 2 increase in the variance of the income process (i.e. o > o ), we find that 
E{ct+1 " Etct+1} < °' 
2 2 Substituting expression (3.3) with oT(ct+1) = aj back into (3.20), we find 
* T-1 
ct+1 - ct = 6 + \ *-oZy + nT:] lh*(al - 5j) + iT- *-](£ id+r)-1) + vt+1 . (3.21) 
We see that a structural change in the income process affects the parameters 
in the consumption process. The difficulty in applied work wil! be to deter-
mine the moment and the nature of the structural break in the model for con-
sumption. An analysis of the income data wil! probably yield useful informa-
tion concerning the features of the univariate process for ct. 
* 2 
Finally we notice that the implications of changes in £* and o\ for the dyna-
* 2 
mies of c+ are different. In fact, when in period t+1, ie and/or o change 
- -2 
into ^ and a respectively, Act,+. is generated by (3.2) with 
at'(cf+1} = V et'+1 = V + 1 ' a2(vf+l"J * V for V K *' For *' * *• 
2 2 A c.,+1 is generated by (3.21) with a (v^ .,,) = a^, and for t' > t, we have 
ct'+1 " ct' = 6 + * ^ v + V + T °2^vt'+1^ = V (3.22) 
14 
* 
We see .that a persistent change in<2$- only affects the constant term in the 
model for c.+,. The consequences of a persistent change in a are twofold : 
first, a step change of the constant term in the process for consumption, which 
is completed after twoperiods, and second a step change of the innovation 
variance. From the discussion of this example, it becomes obvious that it is 
important for the empirical analysis of consumption to correctly assess the 
nature of structural changes in the income process. More sophisticated models 
which allow for a temporary incorrect interpretation by the consumer of a 
change in the process generating his labor income can be specified along simi-
lar lines. But their behavioral implications are probably quite different 
from those of the model presented above. 
Let us now consider the results for the utility function with constant relative 
-1 -ie 
risk aversion parameter <jr < 1, U(c) = «fc- c . With the assumption that c.t is 
log-normally distributed, the first Euler equation implies that 
E t l n c t + 1 . l n c t - « - l ( r - 1 ) a 2 ( T n c t + l ) , ^ ^ 
where <5 denotes 6 = -(4T-1)"1 ln[6(1+r)]. 
Defining the consumption innovation as e. . = In c. . - E. In ct+., we get 
In ct+1 - In ct = 6 - H ^ - D a ^ l n c t + 1) + e t + r (3.24) 
with E te t + 1 = Ee t + 1 = 0, o\ut^) = ^ (In c t + 1) = a 2(e t + 1). 
Transformations similar to those leading to (3.4) yield 
T
 _i U*-1)"1
 7 
In ct + ln[1 + Z (1+r) [B(1+r)] exp(-i(*-2)a;(ln c. .))] 
i=l ^ ^+' 
= ln[(1+r)at_l + yt + I (Hr)" 1 E ty t + i3. (3.25) 
2 
The corresponding formula for In c. , and the fact that o-.(ln c. .) does not 
depend on the variables in the conditioning set, lead to 
° l ( l n c t + i J = ° t { l n [ ( 1 + r ^ a t + yt+i \l2 ( 1 + r ) l _ i E t + i y t + i ] } - ( 3-26 ) 
Two comments are in order. First, we are not able to find an explicit expression 
2 
for o.(In ct+1) in terms of the characteristics of the income process only. There-
fore, in this case, in a univariate analysis of consumption it is more difficult 
to take into'account the effects of a structural change in the income process. Second, 
the consumption innovation e. . in (3.24) can be expressed as the logarithm of a 
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nonhomogeneous linear transformation of the income innovation in period t+1. 
In the empirical part in section 4, the model (3.24) for A In ct+1 wil! be 
carried along as an alternative to the model (3.2) for A ct+.. 
3.2 The bivariate model for consumption and interest rates 
To show what the implications of the life cycle theory are for the properties 
of the time series process for consumption and interest rates, we return to 
the utility function with constant absolute risk aversion. In this case, the 
first Euler equation is 
-Et[(1+rt+1)exp(-4rct+1)] = B~1 exp(-*ct). (3.27) 
Under the assumption that (c. ., In (1+rt ,)) is normally distributed, (3.27) 
yields 
E t ln(1+rt+1) -<T[Etct+1 - ct] + } Sa^lnO+r^.,) - tfc^} + In B = 0. (3.28) 
We see that (3.28) generates restrictions on the bivariate process for 
(A c t + 1, lnO+r..)). To find the exact form of the restrictions, consider the 
AR-representation of the bivariate stochastic process 
1 - y n ( L ) -u 1 2(L) \ / A c t + 1 
- y21(L) 1 - y22(L)J \ ln(1+rt+1) 
, (3.29) 
where u ^ d ) is a homogeneous polynomial in the lag operator L and (n1t»n2t)' is 
normally distributed with E(n1t,r)2t)' = E t(n 1 t,n 2 t)' = 0. Presently, we do not 
make specific assumptions about the covariance matrix of (n«t»n2t)'. In the 
preceding section, we have seen that in general the variance of consumption is 
time dependent, i.e. age dependent. This is of course not a result of the 
assumption of constant interest rates. From (3.29), we have that 
Etct+1 = ct + y 1 1 ( L ) A ct+l + U 1 2 ( L ) l n( 1 + r t +j) + ^ 1 
Et l n ( U r t + l } = ^21 ( L ) A ct+1 + y 2 2 ( L ) l n ( 1 + r t + 1 } + < 5 r 2 * (3,30) 
Substitution of (3.30) into (3.28) yields 
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ty21(L) -tfuri(L)]A. ct+1 + [u22(L) -4Ty12(L)] ln(1+rt+1) + 
**2 - ^ + i a* {ln(1+rt+1) -tfc t + 1} + In 6 « 0. (3.31) 
This equality has to hold for any value of A c.. and r... Therefore, 
(3.31) implies the restrictions 
U21(L) - f]iu(L) = 0 
y22(L) -<Tp12(L) = 0 
^ 2 - « T ^ + è o\ (ln(1+rt+1) --^c t + 1} + In 3 = 0. (3.32) 
As shown in section 2, the remaining first order conditions follow from (2.7). 
Therefore, the implications of the life cycle consumption hypothesis for the pro-
perties of the process for (c t + 1, ln(1+rt+J) in (3.29) are given in (3.32). 
Notice that the normality assumption plays a crucial role here. It implies that 
the conditional variance a.{ln(1+r. .) - 4fct .} does not depend on the variables 
in the conditioning set. Because of this property, (3.31) implies the restrictions 
(3.32). Above we noticed that in genera! the conditional variances are not 
constant through time. The third restriction in (3.32) however then implies that 
**,**., *"2 or 3 have to be time-dependent. In the empirical analysis, the con-
ditional variances are assumed to be constant. Notice that the third relation-
ship in (3.32) does not yield an overidentifying restriction on the process 
(3.29) if the additional parameter 6 is unknown and the conditional variance is 
constant. 
With respect to (3.29), it is sensible to assume that the consumer cannot in-
fluence the interest rate, that is consumption does not cause the interest rate 
in Granger's sense. This additional assumption implies that vu..(O = 0, so 
that the first restriction in (3.32) becomes u,.(L) = 0. 
If the interest rates are assumed to be- constant, the model (3.29) specializes 
to 
(1 - y(L))A ct+1 = ^ + n t + 1, (3.33) 
where r\.. is normally distr ibuted, with En t +1 = E tn t + 1 = 0* 
The implications of the l i f e cycle theory become 
&-"1 ln[B(1+r)] - ^ + i t fo2 (c t + 1 ) - y(L)A c t + 1 = 0, (3.34) 
or alternatively 
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U(L) = O 
£""1 ln[.B(1+r)] - ^ + J ^ ( c w ) = 0. (3.35) 
The constraint y(L) = 0 leads to HalTs (1978) finding that ct+1 is generated by 
a random walk. 
Similarly, when the utility function with constant relative risk aversion is 
used, and (In c. ., ln(1+r.+-)) is assumed to be normally distributed, the 
restrictions of the life cycle hypothesis for the time series process for 
A In c.. and 1n(1+rt+1) can be derived in the same way. They are as in (3.32) 
with^fbeing replaced by (1-^f). 
For this utility function with [In c. ., ln(1+r.+.)] being normally distributed 
the consumption function can be obtained analytically. The expectation of the 
life time budget constraint is given by 
T
 ct+i
 T
 yt+i 
ct + Z , Et ~ = (1 + rt)at-1 + yt + Z , Et ~ i=1 " i "" w ' i=1 
*
 (1 +
 W i» (1 + rt+k} 
k=1 k=1 
= wt. (3.36) 
Using the Euler conditions to derive the conditional moments of the present value 
of c. ., (3.36) can be expressed as 
ct = <Ttwt, (3.37) 
where ifi depends on the conditional moments of In ct . and ln(1+r.+.), i=1,...T. 
Consumption is proportional to life time wealth w.. The factor of propor-
tionally however is not constant as E. ln(1 + r. . ) is a function of variables in 
the information set \p.. For the utility function U(c) = - &' exp(- ifc),^> 0, 
the consumption function cannot be derived in a straightforward way when interest 
rates are stochastic. In particular the normality of [ct+1, ln(1 + "V^)] does 
not lead to handy expressions for the moments on the l.h.s. of the budget con-
straint (3.36). However, an empirical analysis of the implications of the life 
cycle hypothesis for the bivariate process (3.29) for c. , and r. . can be carried 
out without too much difficulty. This will be done in section 4. 
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4. Empirical evidence 
In this section our concerns wil! be to examine the implications of the 
life cycle theory for the time series properties of seasonally unadjusted 
quarterly real per capita consumption of nondurables in the Netherlands 
and the real interest rate for the period 1967, II - 1984, IV. 
In future work, the model will be extended to include consumption of 
durable goods. At present we like to point out that the budget share of 
nondurable consumption has been fairly stable in the Netherlands over the 
sample period considered, so that it is justified in the first instance to 
limit the analysis to nondurables. 
The consumption series is deflated by the price index for nondurable con-
sumption. The base year is 19 80. We use the real interest rate on three 
month government bonds. 
The real rate is obtained by correcting the nominal rate for the rate of 
inflation. 
As the data are seasonally unadjusted, we model the seasonality jointly 
with the dynamics of the life cycle theory. More specifically, we assume 
that consumption c. (or its logarithm) consists of two independent compo-
nents ct = ct + st* Its nonseasona^ component c. is explained by the 
life cycle model. The seasonal component st is assumed 
to be such that the sum over four subsequent quarters is white noise. 
Forma!ly, we have 
V (L) st = yt, $ (L) = 1 + L + L2 + L3, üt ^ IN (0, c2) (4.1) 
When c. is generated by the model (3.33) subject to the life cycle restric-
tion (3.35) p(|_) = 0, we get for c 
A A 4 Ct = A4 7 t + A2 yt, (4.2) 
with A = 1 - L, A 4 = 1 - L4. According to (4.2), the change of the 
annual change of ct is generated by a restricted fourth order MA-process 
with mean zero. 
Similarly, when [A c t + 1, In (1 + r. +J] is generated by (3.29) subject to 
the restrictions (3.32) of the life cycle theory and absence of Granger 
causa!ity of ct to rt i.e. v2/'L) = °* and st "f 0 1 1 0^ tne P^ocess (4.1), 
the process for 
( M c t + 1 , ln(1 + rt+1)] is given by 
y12(D (1-L4) 
1 -4Ty12(L) 
*
A 4 Ct+1 
In (1 + rt+1) <T2 
4^7 It+T + A u t+1 
7 2t+l 
(4 
Again, the disturbance of A A 4 ct+1 follows a restricted fourth order MA-
process. The interest rate is generated by an AR-process. The time series 
processes for A A 4 In ct+1 and In (1 + rt+]) can be derived in the same 
way. The consumption and income series used in the empirical analysis are 
given in figure 1. The real interest rate is plotted in figure 2. 
The solid line indicates the data for consumption and the real interest rate 
used for estimation. The dotted line corresponds to some corrections which will 
be described below. In figure 3, we give the observed series AA.c.+. together 
with some corrections indicated by the dotted line. 
4.1 A univariate time series model for consumption 
For A A4 ct+^ and A A 4 In c t + 1, the fourth order autocorrelation is signifi-
cantly different from zero indicating that a restricted MA(4) model would 
probably fit these series. For the shortrun interest rate, the estimated 
autocorrelation functions suggest a first order AR model which implies that 
u^(L) is of order one. 
The estimates of the univariate MA model for consumption are reported in 
table 1. First an unrestricted fourth order MA scheme is estimated. lts 
2 
parameters are denoted by 9.. and o . They have been estimated by the con-
ditional maximum likelihood (ML) method(seeHillmerand Tiao,1979). Standard 
errors are given between parentheses below the point estimates of the para-
meters. The log-likelihood value, denoted as In L, belongs to the unrestric-
ted MA(4)-process. 
The Wald statistic enables us to test the three restrictions on the 8.'s 
2 
and o implied by the error component structure of (4.2). The number of 
degrees of freedom equals 3 and is given between parentheses. The Wald 
statistic nas been computed using the procedure put forward by Kodde and 
Palm (1985 a) for testing nonlinear restrictions. The restrictions'are 
not rejected at conventional significance levels. When the error component 
2 2 
structure is imposed, we get ML-estimates of om and o . These estimates 
have been obtained by applying the method of asymptotic least squares (ALS) 
(see Gouriéroux et al. (1982) and Kodde and Palm (1985 b) to the ML estimates 
of the G.'s and q£. For an example, we refer to appendix B. The estimates of 
o 2, e. and aL are significantly different from zero in both models. The Box-
Pierce test (BP) and the Ljung-Box(LB) test based on s residual autocorrela-
tions have been carried out for s=8 and s=15 (see table 1). These statistics 
are^2(s-4)-distributed. They are not significant at the conventional 
significance level. From the results in table 1 we can conclude 
that the simple error component model (4.2) for AA.c. and A A 4 l n c t is fairly 
well in agreement with the sample evidence. » 
The residuals of the models for these series have been analyzed. They do not 
exhibit significant serial correlation. The residuals for the year 1975 beha-
ve as outliers. In the Centraal Economisch Plan (1976), the irregular beha-
vior of nondurable consumption in 1975 is explained as an advance of sales in 
the first quarter from the second and third quarters. The high leve! of con-
sumption in the fourth quarter is due to an increase of sales as a result of 
a change in the excise tax at the beginning of 1976. 
From figure 1, it becomes apparent that the slope of the trend in the income 
has changed in the quarters 1972, IV, 1973, I, 1980, I - II. As we have shown 
in the preceding section, a change of the slope of the income series is expec-
ted to lead to a step-change of the drift parameter of Act (see e.g. (3.21)). 
The break of the consumption series in 1973 can be absorbed in this way. 
Inspection of figure 1 shows that the break in 1980 is of a different order. 
This change of the slope of the consumption series can only be explained by a 
structural change in the parameters of the consumption function. It is sen-
sible to assume that the time preference parameter 8 has changed as a result 
of a policy change aiming at a drastic reduction of public budget deficits. 
Because we use the extra filter A,, we do not have to bother about the effect 
of this change for the empirical model. 
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Fig.1 Nondurable real per capita consumption and income in the Netheriands, 
quarterly seasonally unadjusted consumption figures, 1967, I - 1984, IV. 
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Fig.2 The real interest rate on three month government bonds in the 
Netheriands, quarterly figures, 1967, I - 1984, IV. 
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Fig.3 Differenced nondurable real per capita consumption AA. c. in 
the Netherlands, quarter ly seasonally unadjusted f i gu res ; 
1967, I - 1984, IV. 
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Table 1 Univariate time series models for consumption, 1967, II - 1984, IV. 
Va'riable 1 
91 
W coefficients 
92 93 94 o
2 
Restricted MA 
parameters 
2 2 
1 M 
A A 4 ct .127 
(.104) 
.092 
(.104) 
-.119 
(.104) 
.597 
(.010) 
.0016 
(.0003) 
.0010 
(.0002) 
.00002 
(.00001) 
AA 41n ct .130 
(.105) 
.122 
(.105) 
-.106 
(.105) 
.561 
(.101) 
.0003 
(.00005) 
.0002 
(.00004) 
.000004 
(.000003) 
A A 4 ct .264 
(.120) 
-.130 
(.123) 
-.061 
(.120) 
.185 
(.113) 
.001 
(.0002) 
.00025 
(.00008) 
.0001 
(.00003) 
* 
AA* In c. ,247 
(.118) 
-.091 
(.121) 
-.080 
(.117) 
.219 
(.111) 
.0002 
(.00004) 
.00006 
(.00002) 
.00002 
(.000006) 
A step change of the mean of A ct implies that A A , ct is nonzero in the 
period in which the step change of the drift parameter occurs. One way 
to take into account the effect of a change in the slope of income or the 
anticipated additional consumption expenditures in 1976 would be to intro-
ducé dummy variables into the model for A A 4 ct. As our computer program 
does not allow us to handle dummy variables, we replace the observed values 
of A A 4 ct for the quarters 1972, IV, 1973, I and 1980, I - II respectively 
by the average of the corresponding quarter in the preceding year and in 
the year following the change. 
Similarly we correct the observations on the consumption leve! in 1975 by 
replacing the values of the first and fourth quarter respectively by an 
average of the corresponding quarters in 1974 and 1976. The corrected series 
is denoted by c. (see figures 1 and 3). Estimates of the parameters of model 
t * 
(4.1) - (4.2) using the series c+ are also reported in table 1. The point 
estimates are slightly different from those obtained for the original series. 
2 2 2 
The parameters 0 . , o , c£ , er are signif icant ly dif ferent from zero. Accor-
ding to the Wald test , the error component structure is in agreement with the 
information of the data. The residuals are not ser ia l ly correlated by the 
widely accepted standards of the Ljung - Box test . 
2 2 As expected, the rat io of o / q- strongly increases. In summary, the con-
clusions about the error components and about the f i t obtained for the o r i -
ginal series remain valid for the corrected series as wel l . Also i f we apply 
the corrections separately, the l i f e cycle model is not rejected by the data. 
Our conclusions appear to be f a i r l y robust with respect to these adjustments 
of the observations. 
4.2 A bivariate model for consumption and interest rates 
I f we assume that the interest rate is generated by a f i r s t order AR process, 
i . e . y 1 2 ( L ) s < f L ' a n assumption that is consistent with the empirical f i n -
dings for the interest rate, the bivariate model for consumption and interest 
rates (4.3) is completely specified. We estimate the model by ALS. In a 
f i r s t step, a bivariate model of the form 
-H 
v3 
A V t 
ln(1 + r t ) 
ona) e12(D 1t 
2t 
(4.4) 
is estimated by ML. The model (4.4) is identified, although it violates Hannan's 
(1969) requirement for identification that matrix t*p0q] must be of full row rank wi 
$ and 9 being the matrices of the coefficients of the highest lags of the AR and 
p q 
MA parts respectively. Identification is a result of the many restrictions which 
the system (4.4) has to satisfy, in particular the recursive of both the AR and 
the MA parts. The polynomials Ö ^ U ) and 812(L) are assumed to be of 
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degree 4 respectively and e12(0) » O and I ^ l t £ 2 t ' ' i s a v e c t o r w h i t e n o i s e 
process with unrestricted contemporaneous covariance matrix. In the second 
step of ALS, the restrictions on (4.4) implied by (4.3) and by y 1 2 (Ü • ^ L 
are incorporated in the estimates to yield the results reported in table 2. 
Notice that <j>3 = <p«f and <Po - -(ér- 1)<P when respectively A A . c t and 
Ah. l n c t are used. The estimate of £• is obtained from the estimates 
of <p3 and ip. By r t , we denote the corrected interest ra te . The short-
term real interest rate strongly decreases in the f i r s t quarter of 1972 
.as a result of an increase of in f la t ion . In 1976, I I I , speculative mo-
vements on the foreign exchange markets lead to a large increase in the 
short-term real interest rate. These two outl iers in the interest rate 
series have been corrected by rep!acing the observed value by the average 
* 
of the observations in the adjacent quarters to get r.. Through these 
ad hoc correctións we intend to obtain an interest rate series which sat is-
f ies the assumptions underlying the model (4.3) 
Standard errors arè given between parentheses. The Standard errors for the 
estimates of the disturbance covariance matrix are computed using the es t i -
mator given by Magnus (1978), (see also Kodde and Palm (1985 b ) ) . The value 
of the log-l ikelihood function, In L,corresponds to the unrestricted model (4.4). 
The Wald s ta t i s t i c reported in the last column of table 2 tests the eight 
restr ict ions imposed on (4.4) when (4.3) is assumed tp be the correct model 
with y^C-) = <PL. The number of degrees of freedom (df) equals 8. 
A few comments about the results in table 2 are in order. With respect to 
model 1 , we notice that the estimate of j f has the wrong sign. For model 2, i t 
exceeds one. In genera!, in terms of sign and magnitude, the estimates of the 
remaining parameters are f a i r l y well in agreement with the theoretical model. With 
the exception of the constant term ^f2 anc* 0,i\l2% t l l e c o e ^ i c i e n t s a r e 
usually s igni f icant ly dif ferent from zero. In part icular, when the corrected 
2 2 
observations are employed, the coefficients <p, <p3, CJM., O are significant-
ly different from zero. The estimate of oy. is approximately equal to the 
estimated residual variance of the univariate model for c+ (see table 1). 
2 
The estimate of o differs from the estimated value given in table 1. 
The Wald statistic is significantly different from zero for the four models, 
indicating that the restrictions implied by the specification of the seaso-
nal component are not entirely in agreement with the sample information. 
Notice however that the value of the Wald test substantially decreases when 
we correct for outliers in the consumption and the interest rate. Given that 
the interest rate variable is assumed to be generated by a first order AR pro-
cess, the life cycle constraints (3.32) with v u ^ U = 0 do not yield restric-
tions on the model (4.4), except for the sign and magnitude of the coëfficiënt 
&'. It is of interest to check which restriction leads to the rejection of 
the restrictions involved in (4.3). Therefore, we computed the Wald statistic 
for each restriction separately which is asymptotically "J( -distributed with 
one degree of freedom. The highest value is 2.81 for model 3 and 3.26 for mo-
del 4. If we use Bonferroni 's B-procedure (see e.g. Savin (1980)), the 8 re-
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str ict ions should not be rejected at the commonly used significance levels. 
I t appears that the restrictions implied by the specification of the seaso-
nal component are strongly correlated. This possibly leads to numerical pro-
blems as the covariance matrix of the restrictions nas to be inverted in or-
der to compute the Wald cr i te r ion. The use of the Scheffe^S-procedure showed 
that a l l but one of the 8 restrictions strongly affect the value of the Wald 
s ta t i s t i c . 
An analysis of the residuals of the models 3 and 4 using the multivariate 
version of the Box-Pierce test and the multivariate version of the 
Ljung-Box test proposed by Hosking (1980) yields the test s tat is t ics 
given in table 3. They are^C (4 s - 3 - 8) - distr ibuted, where s is the 
number of correlation matrices on which the test is based, 3 and 8 are the 
number of AR and MA parameters respectively. 
Table 2 ALS estimates of the bivariate time series models for consumption and interest ra 
Model Variables 
^2 <P (P3 
2 
°*?1 °72 0Tl?2 -V ^r 
1. AA 4 ct .0004 -.740 .927 .00084 .000015 .000027 .000065 -1.253 
1n(1 + rt) 
(.0099) (.440) (.037) (.00016) (.0000036) (.000007) (.000019) 
2. AA 4 lnct .00077 -1.552 .998 .00015 .000001 .000003 .000007 1.643 
1n(1 + rt) 
(.0100) (.1804) (.0170) (.00003) (.000001) (.000004) (.000005) 
3. AA 4 c* .00055 2.075 .9001 .00017 .000008 .000002 .00018 .434 
* 
ln(1 + r.) 
(.0100) (.3732) (.0246) (.00008) (.000002 ) (.000006) (.00004) 
4. 
* 
AA^ 1nct .00039 1.199 .922 .00002 .000006 .000005 .00003 .231 
1n(1 + r*) 
(.0100) (.143) (.022) (.00001) (.000002) (.000004) (.000008) 
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Table 3 Multivariate test on residual serial correlation. 
s test statistic model 
3 4 
df 
4 BP 
LB 
11.8* 
12.3* 
12.4* 
13.0* 
5 
5 
8 BP 25.1 26.1 21 
LB 27.3 28.3 21 
12 BP 42.6 43.6 37 
LB 48.4 49.4 37 
15 BP 57.1 . 57.3 49 
LB 67.0 67.0 49 
significant at the 5 % level. 
From the results in table 3, it appears that for s = 4, the tests are mar-
ginally significant at the 5 % level. This finding is due to some correla-
tion between the disturbance of the first equation lagged four periods and 
^2t in<^1catin9 tnat consumption leads the interest rate with one year. To 
account for this aspect, the life cycle model would have to be extended. This 
route wil! not be pursued here. 
To see whether joint estimation of the bivariate model (4.4) affects the con-
clusion from the Wald test, we analyze the first equation of (4.4) separate-
ly as a reduced form equation. ML estimation of the unrestricted first equa-
2 2 tion and the associated ALS estimates of the parameters <p, oV» and o using 
* * / y 
the data on ct and r. are given in table 4. 
cl 
Table 4 Limited nformat ion estimates of the first equation of (4.4) t 
Variables 
*1 »2 61 62 93 84 o
2 (P 4 °\ Wald test In L 
* 
.520 
(.433) 
.315 
(.195) 
-.545 
(.386) 
-.271 
(.171) 
.341 
(.124) 
.357 
(.120) 
-.122 
(.132) 
-.110 
(.127) 
-.887 
(.134) 
-.158 
(.128) 
.139 
(.120) 
.263 
(.115) 
.0010 
(.0002) 
.0002 
(.00004) 
.388 
(.336) 
.245 
(.150) 
.0002 
(.00007) 
.00004 
(.00001) 
.0001 
(.00004) 
.00002 
(.000005) 
5.03 
4 
6.76 
4 
126.4 
175.4 
The disturbance of the first equation of (4.4) follows a MA (4) process. It 
is interesting to note that the Wald statistic of the restrictions on the 
first equation of (4.4) implied by the first equation of (4.3) and u12(L) = tpL 
is not significantly different from zero. The parameters o2/n and 
o ^ are significant. Their estimates are similar to those obtained for the 
bivariate model. For <p, the estimate differs from that obtained above. 
lf we use the estimate of <p3 from the univariate AR (1) model for the interest 
rate we get a value^* 2.18 for A A 4 c * and -2.45 for A A 4 lnc*. This fin-
ding is in agreement with the theoretical model. 
Finally, we can analyze the univariate ARMA model for consumption associated 
with (4.4). It is straightforward to show that A A 4 c * (or A A 4 l n c * ) follows 
an ARMA (1,5) model, which can be estimated by ML. The AR part of the univariate 
model for consumption is identical to that for the interest rate. When we impose 
the restrictions implied by the error component structure, we get a restricted 
estimate of*f r This estimate has been computed by ALS and it is denoted by 
ALS*f3. The estimates of the univariate model for consumption are given in 
table 5. Notice that only the parameters^, o 2 , ^ . ^
 a - ^
2 a 2 - o L 
2 1 2 '2 ' 1 
and - ^ a 9 + <f3 a^ are identified from the univariate time series model for ct< 
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Table 5 The univariate ARMA model for consumption. 
Variable 
*3 81 82 83 64 fl5 o
2 ALS 4» 
3 
Wald test In L 
A
* 4 c t -.174 .083 -.145 -.058 .125 .094 .001 -.152 2.65 133.02 
(.720) (.726) (.233) (.182) (.118) (.153) (.0002) (.036) 3 
AA 4 l nc t -.141 .100 -.152 -.060 .135 .138 .0002 -.125 3.40 • 185.92 
(.515) (.520) (.170) (.154) (.116) (.141) (.00004)(.020) 3 
The findings for the univariate models of consumption support on the whole the 
assumption underlying the bivariate time series model (4.3) although the point 
estimate of q>3 is negative for the univariate model whereas in the bivariate 
model, it is positive and significantly different from zero.Most importantly, 
the Wald tests of the restrictions implied by the error components are not rejec-
ted by the data. Results for the diagnostic tests on residual serial correlation 
for the model (4.4) and for the univariate model of table 5 are given in table 6. 
A "*" indicates that the value is significant at the 5 %. level. This happens for 
model (4.4) only when s is smal! showing that on this point, both models are fair-
ly wel! in agreement with the sample information. 
Table 6 Test on residual autocorrelation. 
s test 
s ta t is t i c 
model 
A A 4 C* 
(4.4) 
* 
AA. In c. 
df univariai 
(table 5 
AA4c* 
te model 
) 
* 
AA. In c t 
df 
8 BP 5.26 7.71* 2 4.17 3.31 2 
LB 6.11* 8.64* 2 4.78 3.81 2 
12 BP 7.64 10.48 6 6.22 5.80 6 
LB 9.06 12.07 6 7.26 6.77 6 
15 BP 9.14 12.50 9 7.78 6.86 9 
LB 11.10 14.80 9 9.33 8.17 9 
We have not tested the models for consumption against those for the logarithm of 
consumption. This could be done using a test for nonnested hypotheses. Notice 
however that the conclusions from our empirical findings are fairly robust with 
respect to the choice of the two utility functions. 
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To end, we like to note that similar conclusions were reached when a long-term 
real interest rate is used. In that case, we find that u. 2(D is of degree 3, . 
so that the life cycle hypothesis has testable implications for the bivariate 
model of consumption and the interest rate. However, the number of parameters 
in the bivariate model substantially increases. In some cases this lead to 
numerical problems with the estimation procedure, a problem which deserves more 
attention. Therefore, we do not report results for the long-term interest rate. 
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5. Concluding remarks 
In this paper, we analyzed the theoretical life cycle consumption model in which 
the consumer replans his consumption and his saving at each period both 
under the assumption of a constant interest rate and a stochastic interest rate. 
We studied the properties of the theoretical model under various assumptions on 
the form of the utility function and on the time series properties of the labor 
income and we derived the implications of these assumptions for the bivariate 
process of consumption and the interest rate. 
An important aspect is concerned with the"effect of a structural change in the 
process of labor income for the time series properties of consumption. 
The theoretical model was formulated in such a way that it yielded restrictions 
on the moments for consumption and the interest rate. These restrictions could 
then be checked using a bivariate time series model for two variables. 
As the data were not seasonally adjusted, we had to jointly model the seasonali-
ty and the implications of the life cycle hypothesis. The data are aggregate ob-
servations on nondurable consumption and a shortrun real interest rate for the 
period 1967, II - 1984, IV. 
We did not pay attention to the aggregation problem. The highly parsimonious 
model implied by the life cycle hypothesis and the specification for the seaso-
nals in consumption was found to be fairly well in agreement with the data cor-
rected for some outliers which were not accounted for by the model. The outcome 
of a Wald test of the seasonal structure was not entirely satisfactory. Four 
outliers were interpreted in terms of a structural change in the process for la-
bor income. According to the theoretical model, a change in the trend of labor 
income leads to an outlier in the time series model for consumption which is not 
accounted for by the model. The estimates from the original series should then 
be interpreted as pseudo-likelihood results. 
Some Granger-causality from consumption to interest rates was found in the data. 
In order to account for this aspect, the life cycle model has to be extended. A 
further extension consists in analyzing the properties of the income process to 
compute for each time period the present value of expected lifetime income and 
in estimating the consumption function (e.g. of the form of (3.5)). However, 
in the presence of structural changes in the income process, this approach is far 
from being straightforward as has been shown in section 3. Moreover, seasonally 
unadjusted quarterly income data and quarterly data for assets at are not availabie 
fö> the Netherlands. Fortunately, an analysis of the time series model for con-
sumption and interest rates that is compatible with the life cycle hypothesis can 
be done as we have tried to show in. section 4. 
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Appendix A ; Sources of the data 
The quarterly series on nondurable consumption per capita in prices of 1980 has 
been computed as the sum of consumption expenditures per capita on food and beve-
rages and services and other nondurables. Monthly indices on these series are 
published in Centraal Bureau voor de Statistiek, Maandstatistiek Binnenlandse 
Handel en Dienstverlening, Staatsuitgeverij, 's-Gravenhage. Annual figures on 
expenditures which are published in Centraal Bureau voor de Statistiek, Nationale 
Rekeningen, Staatsuitgeverij, 's-Gravenhage, have been used to transform the in-
dices into monthly expenditures per capita expressed in prices of 1980. The 
monthly figures have then been aggregated into quarterly data. 
The income series given in figure 1 has been obtained from the Centraal Plan 
Bureau. 
The interest rate series is published in De Nederlandsche Bank N.V., Kwartaal-
bericht van de Nederlandsche Bank. Figures for the period 1967 - 1969 have 
been obtained from De Nederlandsche Bank N.V. 
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Appendix B : An example of ALS estimation 
To briefly outline the method of ALS, we consider the univariate error 
component model (4.4) for yt = AA,c t 
yt - A 4 7 t + A \ . (A.1) 
When we ignore the error component structure, yt can be expressed as a 
fourth order MA process 
yt = (1 - 9 ^ - 02L2 - 93L3 - 9 4L 4)£ t, (A.2) 
2 
where L is the lag operator and£ t is white noise with variance o . 
The model (A.2) can be estimated by ML yielding an estimate 9ML of 
9 = (9. 92 93 9. o )'. The parameters 9 are related to the parameters of 
interest 
2 2 
8 = (om,o ) ' by the following 
2 . „2 . „2 .
 n2, _2 „_2 . e _2 
y 
^ 0 = (1 + 9^ + e | + G3 + öj) er = 2a^ +6 o. 
# ^ = (- 91 + 9291 + 9392 + 9493) c2 = - 4 o 
èT2 * '(- 9 ^ 2 + 9293 + 9394) o2 = o2 (A.3) 
è"3 = ( - 9|93 + 9294) o2 = 0 
*4
 =
 -
 ei94 °2 • - 4 
where £". = Ey.y.., or alternatively as 
g(9) - A0= 0, (A.4) 
where g is a vector of functions in 9 and A is a matrix with known coefficients; 
Given a consistent estimate of 9, 9, ALS minimizes the distance of g(9) - AB 
in the metric a nonsingular matrix S" , i.e. 
min [g(9) - AB]' S [g(9) - A&], (A.5) 
B 
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which yields the ALS estimate 
6 = (A'S A)" 1 A'S g(e). 
The optima! choice of S is S* = 
sg 3g' 
_ n — 
98' 96 
PI-1 
(A.6) 
where ü is the asymptot'ic 
covariance matrix of 8. Then the large sample distribution of B is 
/T(B - B) ~N(0,[A,S*A']"1). (A.7) 
When 8 M L is used and the corresponding optima! weighting matrix S*, the 
ALS method yields an ML estimator of 8. Notice finally that this ALS-
estimator can be obtained as a genera!ized least squares estimator of the 
model 
g(8) = AB + u, with weighting matrix A'S*A. (A.8) 
In applied work, a consistent estimate has to be substituted for n. 
